Objective: Exposures associated with coal mining activities, including diesel fuel exhaust, products used in coal processing, and heavy metals and other forms of particulate matter, may impact the health of nearby residents. We investigated the relationships between county-level circulatory hospitalization rates (CHRs) in coal and non-coal-mining communities of West Virginia, coal production, coal employment, and sociodemographic factors. Methods: Direct age-adjusted CHRs were calculated using West Virginia hospitalizations from 2005 to 2009. Spatial regressions were conducted to explore associations between CHR and total, underground, and surface coal production. Results: After adjustment, neither total, nor surface, nor underground coal production was significantly related to rate of hospitalization for circulatory disease. Conclusions: Our findings underscore the significant role sociodemographic and behavioral factors play in the health and well-being of coal mining communities.
diac arrhythmia was significant for Massachusetts, New Jersey, New Hampshire, and New York. Peripheral vascular disease was also significantly related to PM 2.5 in New Jersey.
There are also several behavioral risk factors that affect cardiovascular risk, including smoking, obesity, access to care, and physical activity. These multiple environmental and personal behavioral factors make the investigation of the risk of heart disease in coal mining versus non-coal-mining communities difficult at best.
There have been three investigations in the US literature [10] [11] [12] that considered heart disease as an outcome and county-level ageadjusted morbidity or mortality rates for West Virginia (WV) coal and noncoal producing counties. These studies used various combinations of circulatory disease categories, including all cardiovascular or specific conditions (stroke, heart attack, angina, or chronic heart disease [CHD]) in their analysis, whereas their mortality analysis (2009) focused on CHD (International Classification of Diseases, 10th Revision), atherosclerotic cardiovascular disease, hypertensive heart disease, essential primary hypertension, and hypertensive renal disease, as well as all acute heart disease, AMI, acute ischemic, acute and subacute endocarditis, disease of the pericardium, and acute myocarditis and heart failure. Hendryx 11 investigated county-level, age-adjusted mortality rates for the years 2000 to 2004 for heart disease in relation to tons of coal mined. Four groups of counties were compared-Appalachian counties with more than 4 million tons of coal mined from 2000 to 2004, Appalachian counties with mining at less than 4 million tons, non-Appalachian counties with coal mining, and other non-coalmining counties across the nation. Poisson regression models were analyzed separately for male and female mortality rates. Covariates included percentage male population, college and high school education rates, poverty rates, race/ethnicity rates, primary care physician supply, rural-urban status, smoking rates, and a Southern regional variable. For both males and females, mortality rates in Appalachian counties with the highest level of coal mining were significantly higher relative to nonmining areas for CHD but were not higher for acute forms of illness. There was no adjustment for obesity or percentage employed in the coal mining industry. Hendryx and Zullig the three previous investigations used the majority of circulatory subgroups in one or more of the analyses, including hypertensiverelated heart disease (401 to 405), as coal-related conditions in addition to the total disease category of all heart disease, the overall grouping of circulatory International Classification of Diseases, 9th Revision (ICD-9) (390 to 459) was used to calculate age-adjusted rates for use in these analyses to apply a similar methodology for comparison purposes.
The numerators for the hospitalization rates were resident in-patient hospitalizations admitted during a calendar year with a primary discharge diagnosis code of 390 to 459 according to the ICD-9. The total counts (for all 5 years) of circulatory outcomes per county were tallied by sex and age groups (0 to 14, 15 to 24, 25 to 34, 35 to 44, 45 to 54, 55 to 64, and older than 65 years). Direct age-adjusted hospitalization rates were calculated by applying the circulatory hospitalization rates observed for each county to a single standard population; in this case, the age distribution for WV as a whole.
Data from the 2000 Census including percentage urban, percentage African American, percentage living below poverty, median income, and percentage with at least a high school education were collected at the county level. To designate how "urban" an area is, the census uses a combination of the population size and the degree of economic and social integration within the area. Percentage African American is based on self-identification of race. Percentage poverty is calculated using the sum of family income over the year divided by the sum of poverty thresholds. A family is considered to live in poverty if its total income is less than the threshold expected for a family of that size and composition. Median income is the amount, which divides the income distribution into two equal groups. Percentage high school graduate or higher includes people whose highest degree was a high school diploma or its equivalent, those who attended college but did not receive a degree, and those who received a college, university, or professional degree. Behavioral Risk Factor Surveillance System data, including obesity rates from 2007 (the midpoint of the analysis) and smoking rates from 2000 to 2003, were obtained for each county in WV. The BRFSS defines obesity as having a BMI of at least 30 kg/m 2 . Current smokers have smoked at least 100 cigarettes in their entire lives and now smoke cigarettes some days or every day. In addition, we calculated percentage of men aged 15 to 64 years employed in the coal industry in each county to control for occupational exposures that may be associated with circulatory outcomes. Coal production rates and the number of residents working in the coal mining industry for coal mining counties were gathered from the 2005 WV Office of Miners' Safety and Training (http://www.wvminesafety.org/cnty2005.htm) report.
Spearman correlations were conducted to determine which demographic and health behavior factors, described previously, were correlated with each other and with total circulatory hospitalization rates. Correlations significant at the 0.05 level and 0.01 level were noted.
A series of stepwise multiple linear regressions were conducted in IBM SPSS version 21.0 (IBM Corporation, Armonk, NY) with total and sex-specific circulatory hospitalization rates as the dependent variable. Men and women were analyzed separately to account for men in the mining industry. Independent predictors included percentage of residents in poverty, percentage in an urban community, percentage smoking, percentage obese, percentage with at least a high school education, percentage African American, tons of coal mined both above and below ground, and percentage of men aged 15 years and older who were employed in the coal industry. The sociodemographic and behavioral risk factors that reached significance (P < 0.05) in this step were used to inform the spatial regressions discussed below.
The data for this study are spatially organized by counties. As such, it is quite possible that values of circulatory rates in one county depend on the values observed in neighboring counties. The spatial data may show spatial dependence in the variables and error terms. The spatial dependence of neighboring county values needs to be accounted for in the analysis. The spatial lag coefficient reflects the spatial dependence in the data and measures the average influence on observation for each county by the neighboring county observations. We assessed spatial dependence using Moran's I. An appropriate model for such data is a spatial lag regression model specified as:
where Y denotes the vector of response variables, X denotes the matrix of explanatory variables, W denotes the spatial weight matrix, and ε denotes the vector of error terms that are independent but not necessarily identically distributed. W reflects the spatial dependence in the data and measures the average influence on the observation for each county by the neighboring county observations. A significance level of P < 0.05 was chosen; borderline effects (P < 0.10) were also considered. Table 1 presents the number and percentage distribution of WV hospitalizations for 2005 through 2009 for the six major circulatory disease categories (ICD-9 codes: 390 to 459). A total of 218,255 hospitalizations for circulatory disease occurred during this time. Total ischemic heart disease was the largest category (20.59%), and AMI comprised 12.5% of the total circulatory outcomes. The six major heart disease categories associated with PM 2.5 accounted for 80% of all hospitalized events as noted in previous studies. 
RESULTS

Descriptive Information
Descriptive information for coal mining and non-coal-mining counties of WV were presented in a previous paper 13 and will be summarized here. Boone, Kanawha, McDowell, and Mingo counties had the greatest total coal production in 2005. Boone produced the most at 30,648,389 tons of total coal produced. Several counties had either 100% surface or 100% underground coal mining. Boone County also had the most significant proportion of men employed in the coal mining industry in 2005 at 14.78%. Coal communities in WV generally have lower median incomes and greater percentages of residents living in poverty than noncoal communities. According to the 2000 Census, the average median income was $26,376 for Table 2 includes direct age-adjusted circulatory hospitalization rates per 1000 for each WV County by total, females, and males. The range was from 6.9 (Mineral County) to 41.7 (Logan County) for coal mining counties and 2.8 (Hampshire County) to 39.0 (Lewis County) for non-coal-mining counties. Age-adjusted rates are also shown in Figs. 1 and 2 for coal mining and non-coal-mining counties.
Age-Adjusted Hospitalization Rates for Circulatory Disease
Correlation Matrix
As shown in Table 3 , many of the covariates are highly correlated. Tons of total, surface, and underground are all significantly positively correlated (P < 0.01) with total circulatory hospitalization rates. Percentage of adults with a high school education is strongly negatively correlated with percentage below poverty and smoking prevalence and positively related to median income (P < 0.01). Obesity is significantly positively correlated with poverty rate and smoking prevalence (P < 0.05) and significantly negatively related to percentage urban (P < 0.05) and percentage of high school graduation (P < 0.01). Percentage below poverty is highly positively correlated with smoking and percentage employed in the coal mining industry (P < 0.01).
Spatial Regression Results
As explained previously, stepwise linear regressions were conducted to determine which sociodemographic and behavioral risk factors were significantly associated with total, male, and female circulatory hospitalization rates (results not shown). Among all sociodemographic and behavioral risk factors tested, percentage Tables 4 to 6 present the spatial regression results considering total, underground, and surface coal (respectively) as the primary independent variables of interest. In each table, results are presented for total population, male, and female circulatory hospitalization rates. The lag effect (W) is positive and significant (P < 0.05) in all models. Each spatial regression model was adjusted for percentage urban, percentage below poverty, and percent smoking. After adjustment, neither total, nor underground, nor surface coal produced was found to be significantly related to circulatory hospitalization rates for all, men or women.
DISCUSSION
After controlling for salient sociodemographic and behavioral variables, we found no significant relationship between circulatory disease hospitalization rates in the total population, for males or females and total or underground or surface coal production. In our earlier published paper 14 (JOEM), we noted a significant association between respiratory hospitalizations and surface coal mining. As shown in Tables 4 to 6, the major contributors to circulatory hospitalization rates were percentage below poverty, percentage urban, and percentage smoking. These findings underscore the significant contribution of sociodemographic and behavioral variables and their effects on disease outcomes.
A study in the United Kingdom by Pless-Mulloli et al. 15, 16 noted that surface mining was related to increased doctor's visits in children. Exposure was assessed by concentrations of particulate matter with aerodynamic diameter less than 10 μm (PM 10 ), residential proximity to active coal mining sites, and particle composition. PM 10 was monitored and sampled for 6 weeks, and daily health information was collected by a symptom diary (concurrently with PM 10 monitoring) and general practitioner records. Patterns of the daily variation of PM 10 were similar in case and control communities, but PM 10 was higher in opencast areas (mean ratio: 1.14, 95%
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Tons of coal total confidence interval (95% CI), 1.13 to 1.16, geometric mean: 17.0 μg/m 3 vs 14.9 μg/m 3 ). We also conducted preliminary work using United States Environmental Protection Agency Hierarchical Bayesian estimated levels of PM 2.5 at the census tract level (Geological Society of America Southeastern Section Meeting 2014). This modeled data make use of monitoring data and are combined with meteorological data from the Community Multi-scale Air Quality model to produce finescaled PM 2.5 predictions for a 12 × 12 km grid over the Eastern United States. Daily, census tract level Hierarchical Bayesian Model PM 2.5 predictions were obtained for the year 2005 (June) and used to calculate mean concentrations (μg/m 3 ) for the month of June. As shown in Fig. 3 , mean PM 2.5 concentrations are relatively higher in the census tracts bordering the Ohio River Valley and relatively less through the middle and southwestern sections of the state (eg, Boone, Raleigh, Logan, and Wyoming counties), where coal mining, including surface, is prevalent. Nevertheless, recent work by Kurth et al 17 has suggested that ultrafine particles (particles with a diameter of 0.1 μm or less), which are more likely than PM 2.5 to deposit in the lungs, may be more useful in assessing potential health outcomes of surface mining. Future work should seek to incorporate actual environmental measures of pollutants associated with surface mining and individual exposure assessments.
This study was a comprehensive look at all WV circulatory hospitalizations from 2005 through 2009. We were able to differentiate between the potential effects of underground and surface coal production on total, male, and female circulatory hospitalization rates. Furthermore, we were able to consider many other sociodemographic and behavioral risk factors and their relationships with circulatory health in WV.
There are two important limitations of this study. One is the ecological nature of the study design in which data for both the exposure (PM 2.5 county air pollution levels, coal production, and coal employment), as well as on the outcome (circulatory disease hospitalizations), are based on group levels only (county level). Individual exposure and concomitant risk are not able to be estimated. Future work should incorporate individual-level factors as well as county-level sociodemographic and behavioral risk factors in a multilevel analysis. The second limitation is the heterogeneity of the disease outcome, all circulatory disease, which could further bias the results. Although fully 80% to 85% of the circulatory disease outcomes have been associated with environmental exposures including PM 2.5 , these are complex disease endpoints with individual risk factors. The inclusion of the other outcomes may have resulted in misclassification bias.
In addition, exposure assessment methods should be used to quantify pollution near mines as well as considering sensitive population subsets such as children under the age of 15 years and older adults of 75 years. In addition, pollution from other industrial sources 18 in WV must be assessed to achieve a more complete picture of how the environment influences the health of the population.
The lowest circulatory hospitalization rates were near the WV and Maryland border; this is likely affected by preferential use of medical facilities in adjacent states. The current data set does not capture those patients seeking medical care outside of WV. The number of workers employed by the coal industry, as reported by the WV Office of Miners' Safety and Training, 19 was only available for coal mining counties, and it is reasonable to assume that there are coal mine employees who reside in non-coal-mining areas of WV. Because this was a county-level analysis, the sample size was relatively small (N = 55).
As we have shown, community health in WV may be influenced by a complex set of sociodemographic and behavioral risk factors as well as potential environmental exposures, all of which must be considered in future studies and interventions seeking to improve health and well-being in this region. 
